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Ii was considered many years that the periodic
dependences of electric resistance (Shubnikov-de Haas
effect [1]) and magnetic susceptibility (de Haas-van
Alphen effect) observed in Bi single crystals at low
temperatures were anomalous properties unique to
this metal. However, in 1939, Lazarev, Nakhimovich,
and Parfenova [3] discovered the Shubnikov-de Haas
effect in Zn single crystals; in 1949, Borovik, a
collaborator of our laboratory, detected this effect
in Sn single crystals [4]. We believed that the two
effects are common to all metals though the conditions
for their manifestation are peculiar to each metal.
Systematic investigations of the magnetic properties of
metals at low temperatures were started to prove this
viewpoint.

The investigation technique consisted in measuring
the couple of forces acting upon the crystal suspended
with a thin elastic filament in a homogeneous magnetic
field [5]. The highest-symmetry axis of the crystal
was in the plane of the field, i.e. perpendicularly
to the suspension axis. The difference between
the susceptibilities along and perpendicularly to the
symmetry axis was measured by the twisting angle of
a filament. The measurement temperatures were 78, 20,
and 14 K and down to 2 K (helium temperatures). The
field varied from 4000 to 14000 Oe.

Zinc was the first object of investigation. The de
Haas-van Alphen effect was detected in it even at the
liquid hydrogen temperature. By this time, Sidoriak et
al. had also investigated this phenomenon in Zn [6].
Later on, we revealed the de Haas-van Alphen effect
in Sn [7]. This was followed by investigations of single
crystals of Be, Mg, In, and, finally, Cd. All of these
metals exhibited a periodic dependence of the magnetic
susceptibility on the magnetic field.

In Be, the effect is evident at T = 20.4 K, enhances at
the liquid helium temperature, and is well measurable in
much lower fields. In a field of 5000 Oe, the dependence
of the difference of susceptibilities in Be oscillates with a

period of 180 Oe which increases to 1000 Oe in the field
of 12000 Oe.

In Mg, the phenomenon is observable distinctly at
T = 4.2 K and enhances considerably with a further
lowering of the temperature. In a field of 10000 Oe, the
oscillation period of the difference of susceptibilities for
a Mg single crystal is 140 Oe and increases to 280 Oe in
a field of 14000 Oe.

In indium, the effect appears at T ∼ 2 K in a field
over 13000 Oe.

Cd exhibits this effect at temperatures below 2 K
in high fields. The oscillation period is ∼ 25 Oe in a
field of 12000 Oe and increases to 40 Oe in a field of
14000 Oe. It is worth to mention that we turned to Cd
after having detected the de Haas-van Alphen effect in
Zn. Our further searching was therefore much guided
by the similarity of the electric resistance behavior in
a magnetic field that we had noticed in these single
crystals with identical crystallographic orientations [3].
Although these metals have identical crystal lattices,
the characteristic temperature of Cd is lower, and the
de Haas-van Alphen effect shows up in it at lower
temperature than that in Zn.

In the diagram showing the couple of forces versus
the angle of the field direction with the principal
crystallographic axis of the single crystal, the anomaly
of susceptibility reveals itself as a complicated angular
dependence of the measured couple of forces.

We observed the de Haas-van Alphen effect in Sn
almost at the same time as Shoenberg did, who detected
it also in Ga and graphite [8].

At present, the periodic character of the dependence
of susceptibility on the magnetic field at low
temperatures is known for Bi, Zn, Sn, Be, Mg, In,
Cd, Ga, and graphite. These results allow us to
conclude that the de Haas-van Alphen effect is quite a
common property of metals rather than an anomalous
phenomenon. This conclusion conforms to theoretical
works concerning this effect [9]. The existence of the
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effect only at rather low temperatures in high fields and
its small oscillation period in some metals explain why
many researchers had negative results of the searching
for the effect even in metals where it is quite pronounced,
for example, in Cd, In, Mg, and Sn [3, 8, 10].

1. L. Schubnikow, W.J. de Haas, Leid. Comm., N 207d, N 210a
(1930).

2. W.J. de Haas, P. M. v. Alphen, Leid. Comm., N 212a (1930),
N 220d (1932).

3. B.G. Lazarev, N.M. Nakhimovich, E.A. Parfenova, Zh. Eksp.
Teor. Fiz. 9, 1169, 1182 (1939); N.M. Nakhimovich, Journ. of
Phys. 5, 141 (1941).

4. E.S. Borovik, Dokl. Akad. Nauk USSR 69, 767 (1949).

5. D. Shoenberg, Zh. Eksp. Teor. Fiz. 8, 1271 (1938); D.
Shоenberg and Zaki Uddin, Proc. Roy. Soc. A 156, 701 (1936);
D. Shoenberg, Proc. Roy. Soc. A 170, 341 (1939).

6. S. Sydoriak, J. Robinson, Phys. Rev. 75, 118 (1949); J. Marcus,
Phys. Rev. 71, 559 (1947); L. Mackinon, Proc. Roy. Soc. 62,
170 (1949).

7. B. Verkin, B. Lazarev, N. Rudenko, Usp. Fiz. Nauk 39, 319
(1949).

8. D. Shoenberg, Nature 164, 225 (1949).

9. R. Peierls, Zs. f. Phys. 81, 186 (1938); M. Blackmail, Proc. Roy.
Soc. A 166, 1 (1938); L.D. Landau, Proc. Roy. Soc. A 170, 341
(1939) (theoretical part of D. Shоenberg’s work); A.I. Akhiezer,
Dokl. Akad. Nauk USSR 23, 872 (1939); Yu.B. Rumer, Zh.
Eksp. Teor. Fiz. 18, 1081 (1948).

10. Т. McQuire, Phys. Rev. 76, 167 (1949).

Received November 11, 1949

VERKIN BORIS IEREMIEVICH
(8.08.1919–12.06.1990)

Boris Ieremievich Verkin was an outstanding physicist, Full
Member of NAS of Ukraine, an organizer and the first Director of

the Institute for Low Temperature Physics and Engineering of the
NAS of Ukraine. His scientific studies are concerned with physics
and engineering at low temperatures, the electronic and magnetic
properties of solids, superconductivity, low-temperature materials
science. The presented paper was the first brief report informing
about low-temperature oscillations of susceptibility in a number
of metals. The paper was a worthy continuation of the scientific
trend pioneered by L.V. Shubnikov. The results reported have
become the academic classics of many manuals and monographs
on the electronic and magnetic properties of metals. The material
concerned is detailed in Zh. Eksp. Teor. Fiz. 20, 995 (1950).

LAZAREV BORIS GEORGIEVICH
(06.08.1906–20.03.2001)

Boris Georgievich Lazarev was the outstanding physicist-experi-
mentalist, Full Member of the National Academy of Sciences
(NAS) of Ukraine (1951), winner of the State prize of the
USSR (1951) and UkrSSR (1982). He was born in the Myropol’e
village (now the Sumy region) in Ukraine. From 1928 till 1932,
B.G. Lazarev had worked at the Leningrad Physical-Technical
Institute, then he had worked at the Ukrainian Physical-Technical
Institute (now National Science Center “Kharkov Institute of
Physics and Technology” of NAS of Ukraine) from 1937 till 2001.
He was Head of a laboratory at UPhTI (after L.V. Shubnikov,
1938) and Head of a department of KIPT (till 1988). B.G. Lazarev
and his colleagues carried out a series of works concerned with
the electronic properties of metals, liquid helium properties,
cryogenic technique for the creation of high vacuum. He had
proposed and realized the method of helium isotope separation
(1950) [1], discovered the (2+1/2)-phase transition (1963), had
measured the magnetic moment of a proton in solid hydrogen
(together with L.V. Shubnikov, 1936), quantum oscillations of the
magnetic susceptibility for a number of metals at low temperatures
[2]. B.G. Lazarev is a founder of the scientific school in low-
temperature physics.

1. B.N. Eselson and B.G. Lazarev, Zh. Eksp. Teor. Fiz. 20, 742
(1950).

2. B.I. Verkin, B.G. Lazarev, and N.S. Rudenko, Zh. Eksp. Teor.
Fiz. 20, 995 (1950).

104 ISSN 2071-0194. Ukr. J. Phys. 2008. V. 53, Special Issue



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


